A GIS APPROACH TO SITE SUITABILITY
As Earth's finite energy resources are continually used and go through economic fluctuations, the need for more sustainable sources of energy become more important.
The USGS preliminary proposal (2015) indicates that coal production in Central Appalachia has been decreasing since its peak in 1990, seeing large losses in demand between 2006 and 2011 with the large decrease in use of the electricity sector. Coal production for Central Appalachia is projected to continue to decrease by about 53% between 2011 and 2040 as market prices, labor productivity, foreign competitors, and national demand undergo changes (Milici 2000 and McIlmoil et al. 2013) . Additionally, on a global scale, coal production is expected to peak in 2050 with China becoming a leading producer, although their reserves are not fully known and many studies debate their peak production based on reserves and potential production (Zaipu and Mingyu 2007; Lin and Liu 2010) . Although studies predict there to be hundreds of years of geologically available coal, not all of it is feasible for recovery. Technological improvements are helpful, but the biggest factor is economic sustainability (Höök et al. 2010 ). Ruppert et al. (2002) suggests that less than one half of available coal can be recovered due to mining restrictions, and only about one-tenth of the geologically available coal is recoverable based on economic restrictions.
Renewable Energy Resources
A solution to this issue is to develop alternative sources of energy and revenue.
One method is to use renewable sources for energy such as solar, wind, and hydro power.
These methods can be considered clean energy with a lower impact than burning fossil fuels, but they still can have an impact on the surrounding environment (Akella at al. 2009 ). For hydro power, dams are built to collect water that can pass through turbines to generate energy based on the hydraulic head and discharge of the waterway (Lyndon 1916; Renewables First 2015) . Hydropower is the amount of electricity that is generated, and energy is derived from this generation further by multiplying by a time variable (Oregon State University 2002). Because reservoir or impounding dams store a large amount of water to create an artificial head, the natural flow of the waterway is altered, resulting in various environmental impacts (The Constructor 2017). Graf (2006) reviewed literature on downstream effects of 36 large dams throughout the U.S to quantify hydrologic and geomorphic changes. Not only do the findings show that larger dams have a significant impact on downstream hydrology and geomorphology, but there is regional variation between dams that adds to the complexity of the issues, such as differences in rivers as described by Benke and Cushing (2005) . Some of the hydrologic results of the study show peak flow was reduced after being controlled with dams, which could overall have negative impacts on riparian areas that are dependent on flooding (Doyle et al. 2005) . Many areas have grown to survive in flood plain areas and those areas can be impacted as well. It was also noted that because of the low flow and high flow dates that large dams rotate between, avian species may try to nest during low flow, and if the dates change then there can be effects on bird populations. Geomorphic effects show the standard active areas of rivers are reduced considerably, sometimes up to 91% less area, showing large dams' great ability to modify hydrologic regimes (Graf 2006) . Ecological implications from the study included changes in vegetation habitat for downstream areas that are important to wildlife. Biodiversity changes occur with changes in the hydrologic regime. Magilligan and Nislow (2005) as well as Yang et al. (2007) studied how dams change the amount and distribution of sediment that travels downstream, causing ecological and water quality impacts. Species diversity in aquatic habitats are impacted when a change in sediment transport occurs from dam constructions. Construction and maintenance can cause critical areas like spawning surfaces to be covered in sediment fines upstream of the dam. Conversely, a reduction in flow from the dam would reduce sediment and nutrients from moving downstream as resources that some species would have originally depended upon.
Power and Energy Generation
Typical hydropower dams store large amounts of water to produce their own hydraulic head, which is the measurement of liquid pressure above a geographically referenced coordinate system. Water is channeled through turbines to create electricity.
Large dams in U.S. represent over 20 GW of electricity capacity (2%) (Energy Storage Association 2017). Electricity is produced in the form of energy. Energy is measured in joules (j) in the International System of Units and one joule is equal to 1 watt second in electricity (Encyclopedia Britannica 2017). A watt (W) is a measurement of power through how much energy is used over time. There are 1,000 watts in a kilowatt (kW), which is how most watt unit power is displayed. In terms of time, a kilowatt hour (kWh) explains the amount of energy used for 1 kW of power in an hours' time. Home energy reports are often explained in terms of kWh (IGS Energy 2016). Larger power usage are displayed in megawatt (MW) (1,000 kW) which is typically how hydroelectric storage dams explain power generation. For example, the Hoover Dam, which is mainly used for flood control, but does have hydropower capabilities, has a 2,000 MW capacity, and produces 4.5 billion kWh of power a year for 8 million people in the Southwest United States (Arizona Power Authority 2012).
Run-of-River Systems
A method of attaining hydropower with a smaller environmental, economic, and social impacts includes a form of distributed renewable energy called run-of-river systems (RoR) (USGS Preliminary Proposal 2015). Distributed energy systems convert power in locations close to energy consumers, as opposed to centralized units like power plants (Alanne and Sarri 2006) . RoR distributed energy systems have lower power capacity and lower costs/impact ratio that could be seen as beneficial to local communities (McIlmoil et al. 2012 ). This system works by creating a small upstream pond called a weir that keeps a steel pipe (penstock) submerged. The penstock transports water down to a power house where turbines generate the power. The energy is directly fed to transmission lines instead of being stored, and the water is returned to the river at the end of the RoR system. There are different levels of these systems from small to micro power generators ranging from about 30 MW to less than 100kW. These systems can be considered RoR as long as they do not have a significant impact on the natural flow of the stream and have a smaller environmental impact than traditional hydropower storage dams (USGS 2015) . A study in Oregon on the South Fork Coquille River, and the Chetco River reveal some potential for RoR energy generation. Some low discharge measurements (5-10 cfs) yielded ~ 4-8 kW, coming to ~37,000 to 74,000 kWh per year.
Higher discharges (55-120 cfs) resulted in 46-101 kW, at ~407,000 to 880,000 kWh per year (Oregon State University 2002). For perspective, according to the U.S. Energy Information Administration, the 2015 average annual electricity consumption per household for the U.S. was about 10,812 kWh, at about 901 kWh per month. (EIA 2016).
RoR Considerations
As pointed out by Rojanamon et al. (2009) , there are social, economic, engineering, and environmental aspects that need attention when implementing RoR systems. Important points from Rojanamon et al. (2009) that will aid this study are their GIS applications using digital elevation models to find waterways with proper a hydrologic head (which is usually no more than 30ft), discharge estimations to accompany various head heights, and determining downstream environmental impact of the RoR implementation. Using this analytical framework, Rojanamon et al. (2009) were able to identify potential sites that met all of their criteria and proved the ability to review a large area for RoR potential in the Nan River Basin of Thailand.
An additional study by Anderson et al. (2015) focused on the environmental impact of RoR systems. Even though the RoR systems are an improvement to conventional hydro/turbine dams, they determined that there is evidence of potential disruption in the habitat availability, structure of biological communities, and potential for sediment transport and fish migration changes. Changes in the temporal and spatial scale of the RoR systems yielded differing levels of environmental impact. In the conclusion of their study, they outline several suggestions for moving forward when implementing RoR systems, such as including experimental phases in development with before-and-after impact studies. They also recommended a greater level of interdisciplinary studies when developing hydro energy systems, such as hydromorphological and ecological research. They outlined the importance of hydro energy as well as its growth, while making sure to identify potential issues to be aware of that could help make RoR systems more environmentally friendly.
Other studies have looked at aspects such as the size of the hydropower plants based on turbines and discharge (Anagnostopoulos and Papantonis 2007) . This study was helpful in determining the optimal size, quantity and combination of turbines commonly used in the RoR systems giving them the ability to indicate the general procedure and equipment for different financial or hydrologic conditions. Additionally, cost of implementation is important as covered by at by Singal et al. (2010) and Okot (2013) . Some advantages identified were the low operating costs, long lasting technology with systems that could last 50 to 100 years, and the availability of employment opportunities. A big cost disadvantage are the high capital costs for implementation.
Difference in hydraulic head also changed costs with lower head having a higher cost, and requiring a bigger discharge than high head RoR systems. There is variation in costs of implantation depending on location. The cost per kilowatt changes based on labor costs, number of sites, and site condition parameters (Singal et al. 2010) .
This study will employ a GIS-based analysis to evaluate the suitability of Eastern Kentucky for RoR systems in order to answer the question: What is the potential for run of river hydroelectric systems in Eastern Kentucky counties with significant decreases in coal production and employment? I hypothesize that there were suitable sites within county or watershed level locations in Eastern Kentucky for RoR systems, as determined through GIS.
Using GIS to determine suitable locations for RoR systems is ideal when reviewing large regions, and opens the possibility for more studies and hydro power implementation. An improved mindset of environmental awareness means RoR systems could be a great asset to renewable energy production. which were used to determine other specific counties to focus efforts on determining appropriate land scape and river and stream characteristics for this study. from which the imagery was classified into the specific land covers using decision tree algorithms (Homer et al. 2015) . Additional land cover information used included Kentucky local road, state highway and transmission line data layers, downloaded from the Kentucky geo portal (Kentucky Geography Network 2018).
Elevation was important to this study in order to determine the hydraulic head of the streams. A digital elevation model with 1 arc-second (or 30 meter) resolution was used from the USGS National Elevation Dataset (NED 2018). The USDA GeoSpatial Data Gateway (USDA 2018) provided a download for this data.
Stream discharge information was needed for the study area obtained from the USGS National Water Information System (NWIS) which allows downloading of stream gauge discharge data, including peak instantaneous, daily, monthly, and annual statistics of discharge in cubic feet per second. This information can be downloaded into a table, graph, or table separated file.
The National Hydrography Dataset provided stream layer data in order to ensure that point locations for potential RoR sites could be directly identified with relation to known streams (NHD 2018) . This database represents the water drainage network, and surface water features in the United States.
Population Data
Using the Census Estimates for 2016, population was used to assess the direct benefit for cities close to potential RoR systems (United States Census Bureau 2016).
After calculating energy generation potential from the RoR systems, location and population information will aid in assessing how much of a nearby population could benefit from RoR distributed energy (Lei et al. 2009 ). Knowing the total kWh potential of RoR systems near populated areas will show the direct benefit of energy production that homes or businesses could use. The 30 meter DEMs identified the change in elevation across the county. Two DEMs were mosaicked to cover the entire county. The extract surface feature tool identified the minimum and maximum elevation to add to the 250 meter line segments along the stream network. To find the difference in elevation, the minimum z value was subtracted from the maximum z value and added as a z difference field to the point shape file. The intersect geoprocessing tool paired up the 250m lines and points that were generated. These points represented the un-edited potential locations for RoR systems.
The intersect geoprocessing tool produced many duplicate values from the overlapping 250 m points and split line segments, and excel processing further removed duplicate elevation differences. Before exporting the table to excel, the latitude and longitude were calculated so the points could be re added as a shapefile to arcmap.
After the points were added as a shapefile, they were next subsetted based on the land cover. A NLCD layer was clipped to Pike County, and then using the raster to Polygon tool, was converted to a vector layer. From this layer, a selection was performed to exclude urban development and agricultural land covers. There are many important structural components of the RoR systems such as the water intake weir, power house (small generator and connection to power grid), surge tank (for sudden changes in pressure), headrace and tail race (where water enters and leaves system), and penstock (small pipe used to deliver and control water flow to the power house) Rojanamon et al. In order to ensure the accessibility of RoR sites, they need to be geographically close to roads. Between road and transmission line GIS layers, the two were usually located right next to each other, as well as the rivers and streams. This study opted to clip the RoR potential sites that were within a kilometer of a road. The next subset was based on elevation difference. To expand the potential site selection, Elevation differences between 8 to 50 feet, or about 2.5 to 15 meters were selected. This ensured that the study had a proper elevation change for the RoR hydraulic head. In Table 1 . below from the USGS Preliminary Proposal (2015) hydro plant classifications are correlated with hydraulic head height in feet, and the power capacity in megawatts (MW). To determine annual discharge, the most reliable method would be to directly use a stream gauge on the potential stream for the RoR system. There are 7 gauges within Pike County but not all have historical discharge data. Table 2 . has information about each gauge. Rojanamon et al. (2009) determined discharge using a regional flow duration model as there were no stream gauging sites located near the watershed being investigated for RoR systems. While the USGS gauge network is extensive, it will not cover every stream location needed in this study. To estimate discharge for streams that do not have an associated gauge, this study will use the Drainage-Area ratio method (Asquith et al. 2001) . A ratio between the area draining to the known gauge and the ungauged site is first determined. The ratio is then multiplied by the known gauged To verify this method can accurately estimate the annual discharge for ungauged sites, the drainage area ratio method was calculated against known gauged sites to show it could reasonably estimate discharge. Table 3 . shows the testing gauge sites used, and Table 4 . shows the reference gauge to be used for the drainage-area ratio method. These gauges are located within or adjacent to the same county for this study and represent similar biophysical conditions. They are also the only gauges of the 7 in Pike County that have necessary long term annual discharge data . Table 4 . Levisa Fork area and cms discharge.
In order to calculate drainage area and then discharge for the potential RoR sites, the 30 meter DEM created a fill, flow direction, and flow accumulation layer. With the flow accumulation layer, it is possible to determine which pixels of a raster contribute to segments of streams in a watershed. Using the extract value to points tool, the drainage area in pixels is added as a file to each of the 250 meter points. Area in kilometers is calculated which gave the drained area for each of the associate points. There were many small drainage areas, so the layer was subsetted further to only include those with at least 1 kilometer drainage area. This information was exported into excel for further analysis.
Using the drainage-area ratio method, annual discharge was calculated in cubic meters per second for each potential RoR location. Finally, power was calculated using Table 5 . shows the highest kWh calculation for potential RoR sites for sites with over 1km drainage area. For a full list of potential RoR locations, see appendix. Based on the Area-Drainage ratio method, there were varying discharge rates with the highest reporting about 1 to 2 cubic feet/second (csf), or .01 to .05 cubic meters/second (cms). Table 5 . Highest ten kWh results.
The drainage area for these potential RoR locations were very small, with the largest having an area just over 4 sq. km. When looking directly at the potential RoR sites, of the two best results, one location had a hydraulic head of 32 feet with a higher cfs of 2.1, and the next had a hydraulic head of 44 feet, and a lower cfs of 1.6. Respectively, these had an annual power generation of 52,835 kWh and 51,674 kWh based on the estimation from the average annual discharge from the Levisa Fork Gauge near Pikeville. Based on the plant classification from the USGS Preliminary Proposal (2015), these two sites would be a micro-hydro classification as they produce less than 100 kW. If the discharge for these areas was greater, they could be classified as a small hydro-power plant because those points. However, StreamStats become a major shortfall with this project as a method to estimate discharge at unknown sites. When using the batch processing tool, it was important to ensure that generated points of interest were snapped to the streamgrid that was provided by USGS StreamStats. After submitting the shapefile, the data is placed in a queue and a confirmation email is sent out. The queue can take several days to get through, and it does not always return all data points. Because the program is limited to 200 points at a time, large scale studies would need to plan in advance while StreamStats processes, or ensure that the shapefile point layer was properly subsetted to a manageable amount of points. StreamStats was not the best option for this study as there were originally several hundred potential RoR candidates locations. If the study was to focus on smaller watersheds that had specific interest from the population and governance, StreamStats batch processing would be a more adequate tool.
6.2 Future Studies.
For locations with a suitable landscape for RoR systems, the next step would be to further evaluate the discharge for the region. Monthly average, peak, and minimum flow are important to ensure RoR systems can run on a year round basis to be efficient. The drainage area ratio method may not be a suitable method to estimate discharge on a monthly scale, so further research, and potential site visits would be necessary at this point.
RoR systems are implemented for their lower cost and small environmental impact, but there will still be some form of impact that should be accounted for. Anderson et al. (2015) , looked at site specific considerations to assess issues like water flow disruption from the weir, or disruption from the tailrace where water reenters the stream. Considerations on maintenance and construction were also assessed regarding their potential for disruption. Their paper assessed multiple studies and the impact from various sizes of dams and RoR systems. Comparing between the potential and size of RoR system locations identified by this study, and examples of impact given by Anderson et al. (2015) , Site 1 and Site 2 did not meet the energy generation to relate to the given examples. Some of the expected disruptions that could occur with a higher discharge and energy output would be reduction in species population between the head and tailrace, known as the depleted stretches. Examples given by Anderson et al. (2015) indicated small spawning fish were found absent, mayfly populations reduced, and one example showed drops in salmonid populations from RoR systems of less than 1MW generation in Europe. If a weir was used to divert stream flow, many migratory aquatic species were also hindered. While the RoR potential sites in this study had a very small energy potential, their expected impact would be similar because the water diversion is a key part of the RoR systems. As suggested by Anderson et al. (2015) , the environmental impact would be an important part of the RoR system into the future as it would need to be monitored, and especially tailored to fit each system.
While coal development is in a decline, as indicated by the yearly Kentucky Coal Facts report, some mines within Pike County are also set to reopen. The Southern Coal
Corporation, for example, plans to reopen some mines to restart production again. This is exciting for individuals who previously relied on the lost jobs from the coal mines that 
Conclusion
In conclusion, the objective of this study to use GIS to locate potential locations for RoR systems was achieved, although it was identified that Pike County in Eastern Kentucky did not meet the criteria, so my hypothesis was not supported. The landscape has plenty of elevation change to produce an artificial hydraulic head to meet energy production needs, but there was not enough associated discharge for RoR systems to be efficient. Much of Pike County has varying elevation change due to the mountain ranges, and the sharp contrast could be part of the issues with discharge, as many of the streams segments with a good hydraulic head only had a few square km of drainage area. While
Pike County in Eastern Kentucky did not have suitable physical characteristics, other regions should be investigated for RoR potential to continue to expand the use of sustainable energy resources in the U.S.
